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Enclosed are the final reports of the three principal
investigators on contract CM 47 and its extension, CM 73,
jointly title "Impoundment Management." Each P.I. has filed a
separate summary of his work.

The goals of the project were:

1) Investigate the effects of re-opening an impounded
marsh to the estuary.

2) Propose water management techniques which would
depend on passive water control measures sufficient
to control mosquito production, while minimally
disruptive to the marsh resident and marsh transient
fauna, and marsh flora.

The study area was a 50 acre, privately owned diked high salt
marsh located on the barrier island at the south end of Indian
River County. Carlson’'s report contains a complete study site
description. A single existing 18 inch_ culvert in the
impoundment dike was opened to the estuary. Sampling technigues
and equipment were devised to provide baseline data on
zooplankton, marsh vegetation, basic water quality parameters,
fish, macrocrustaceans, and mosquito larvae., During the first
year of the project, no water control structures were placed on
the culvert, and no chemicals applied to the marsh to control
mosquito breeding.

At the end of one year‘s study, a flapgate riser was placed on
the culvert; and at 1.5 years, a second culvert installed to
serve as a reference for changes made in the configuration of
the first culvert (see Gilmore’'s report). Chemicals were used



during this second year to control mosquitoes. An integral part
of this project was the establishment of substantial data bases
on the Harbor Branch Foundation’'s computer for fishes, and the
Institute of Food and Agricultural Sciences, University of
Florida, for vegetation and zooplankton, for data gathered
during the field study period.

The' project began on February 22, 1982 and field work ended
January 1, 1984.

All data has not yet been analysed, but we can summarize the
major accomplishment of the study thus far:

1) Developing and wvalidating new zooplankton and fish
sampling techniques for the shallow-water marsh
habitat.

2) Providing the first study of zooplankton in the
inside ditches of high-marsh impoundments, an
important man-made artifact present in most mosquito
control impoundments, and in ponds and depressions.

3) Continuing and extending the fish trophic work begun

in this marsh in its pre- and immediate
post-impoundment condition by Harrington and
Harrington. '

4) Providing the first systematic study of fish movement
into and out of the impounded salt marsh through
several different water control structures, monitored
over a period of several years. Special attention
was given to the interplay of high-marsh, inside
ditch, and estuary.

5) Establishing important vegetation growth base-line
data in the experimental cell, and an adjacent
completely enclosed cell. This portion of the study
will be continued for several more years by Dr. Rey.

6) Reconfirming the mosquito potential of this
high-marsh area, as well as the efficiency of
high-water levels in eliminating mosquito breeding in
this habitat.

7) First examination of the effect of culvert(s) on
water movement into and out of an impounded high
marsh.

Major conclusions of this work include:
1) Passive water management techniques are not, in

themselves, sufficient to provide reliable mosquito
control in the impounded high-marsh.




2) Even when water levels allow access to mosquito
breeding sites, larvivorous fish are inadequate to
control flood-water, salt marsh Aedes spp.
mosquitoes in this habitat. Such floodings from
rainfall and tides, with resulting mosquito broods,
were repeatedly observed during the study.

3) Hater levels sufficient to control mosquitoes
stressed the marsh vegetation, but the extent of this
stress was not determinable over the two years of
this study.

4) Marsh resident and transient fish were shown to
locate and use the single culvert to travel in and
out of the marsh. Fourteen species of marsh
residents, and 36 transients were identified.

5) Qualitatively, zooplankton in the impounded high
marsh resemble those in the Indian River Lagoon.

6) Tentatively, iscolation and size have been shown as
important variables in zooplankton dynamics as well
as water quality in the high marsh habitat. Further
analysis of zooplankton samples 1is expected to
confirm this.

7) Preliminary analysis indicates that normal mosquito
control schedules for closing, pumping, and
re-opening impounded marshes can, with minor
modification, be tailored to fit the major periods of
fish ingress and egress from the marsh. A rich
variety of transient and resident fish should be able
to use the marsh under these conditions.

Substantial work remains before all data gathered during CM' 47
and CM 73 are analyzed. Zooplankton, in particular, have proved
difficult and time consuming. Dr. Rey will provide IRMCD
periodic wupdates on further progress 1in analysis of this
material.

A minimum of five publications will result from this work (two
each from Dr. Rey and Mr. Gilmore, and one from Mr. Carlson).
A summary of work to date was recently presented at -~ a special
symposium arranged by Mr. Carlson held at the American Mosquito
Control Association’s annual meeting, in Toronto. A similayr
presentation will be made this April at the Florida
Anti~-Mosquito Association’s Spring meeting, in Key HWest.

Perhaps more important, since the onset of CM 47 all three
P.I.'s have been named to the State of Florida‘'s Technical
Advisory Subcommitee on Mosquito Control Impoundments. Mr.
Gilmore served as the first chairman of this group, and Mr.
Carlson 1is its second chairman. As a result, the information



gained through CM 47 and CM 73 is being distributed and used to .
help develop managment plans far 1in advance of formal
publication.

Glennon Dodd

Project co-ordinator
Indian River Mosquito Control District
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P.0. Box 670.
Vero Beach, Florida 32961-0670

ABSTRACT

Mosquito production was'monitored for 2 years in a
southeast Florida salt-marsh mosquito control impoundment
continuously connected td the estuary by culverts. Some marsh

locations were shown to produée large numbers of Aedes spp;

from rainfali and tidal flooding in this impoundment which was
Aot artifically flooded by pumping of estuarine water. MWater
retention with flapgate risers attached to culverts reduced but
did nop eliminate salt-marsh mosquito oviposition. Aedes spp.

larvae were found where Batis maritima and/or Salicornia

virginica was present, however, mosquito presence was not always
associated with the occurrence of these plants or of specific
marsh elevations. Although larvivorous fish were present, they

usually were not able to adequately control mosquitoes.



"MOSQUITO PRODUCTION IN A SALT MARSH
MOSQUITO CONTROL IMPOUNDMENT UNDER

DIFFERING WATER MANAGEMENT REGIMES."

INTRODUCTION

Numerous studies have documénted Agggg spp. mosquitoes
produced from various coastal salt marsh habitats (Chapman and
Ferrigno 1956, Haeger 1960, Harrington and Harrington 1961,
Clements and Rogers 1964, Zimmerman and Turner 1982, Balling and
Resh 1983, Carlson 1983). Preadult Aedes numbers have been
shown to fluctuate in response td physical manipulations of the
marsh as well as with environmental factors (Clements and Rogers
1964).

Gravid female salt marsh Aedes oviposit on the moist
high marsh soil. Impoundments on the east-central coast of
Florida are high salt marshes which were diked in the 1950’'s and
1960‘s and are flooded to control the salt-marsh mosquitoes Ae.

sollicitans (Walker) and Ae. taeniorhynchus (Wiedemann).

Flooding these areas with water eliminates ovipositional

sites, thus effectively and economically reducing their
populations (Provost 1977, Shisler et al. 1979). While being an
excellent method of salt-marsh mosquito control, impoundments
have possible environmental liabilities including interruption
of the exchange of organisms and detritus between the marsh and

estuary, and stressing or killing vegetation by excessive or



prolonged flooding (Gilmore et al. 1981).

When originally constructed, impoundments were managed
solely for mosquito and sandfly contfal. ‘However, current
impoundment management goals are becoming multipurpose; for
natural resource enhancement as well as mosquito contrbl.
Impoundment managemeﬁt concerns can address the high marsh habitat
as a fisheries resource, for wildfowl use and also water quality
enhancement.

This study reborts Agggg moéquito production from an
unmanaged (not artifically flooded) impoundment in Indian River
County, Florida under two different water management regimes.

It also gives information on physical marsh characteristics and .
attempts to correl@te mosquito production to these marsh
factors. It was conducted as one component of a cooperative
research project which also examined the effects on fish,
macroinvertebrates, zooplankton and vegetation of first opening
the marsh to the adjacent estuary via an 18 inch (45.7 cm)
culvert for 16 months, then retaining water with flapgate risers
to 1.0 ft. NGVD for 6 months. The marsh was reopened for the
remaining 2 months of the study. This study quantifying the
effects of different water management schemes is background
information necessary for the development of impoundment

management plans based on scientifically proven principles.



MATERIALS AND METHODS

Studv Site Description.

Historical (1956-1980)

The 50 acre impoundment studied (Impoundment #12 --
Bidlingmayef and McCoy 1978 [£#]) has been the object for several
intensive research projects over the past 27 years. Located on
the barrier island at the Indian River-St. Lucie county border,
this marsh, prior to impounding, was first the site for an
icthyological study in 1956. At that time, the marsh was
described as "an expansive ‘parkland’ of saltwort (Egﬁ;g

maritima L.) and glasswort (Salicornia perennis Mill.)

interspersed with black mangrove L[Avicennia germinans (L)J1. The

aggregate areas of Batis-@alicornia and of black mangrove are
roughly coequal". The periphery of the marsh consisted
primarily of alternating black mangrove, red mangrove

(Rhizophora manqle L.), white mangrove (Laguncularia racemosa

Gaertn.), sea oxe-eye (Borrichia frutescens (L.)) and

buttonwood (Conocarpus erectus L.). At that time, 16 fish

species were observed utilizing the marsh, feeding on a wide
variety of organisms. During the study, a synchronous hiQh tide
and rainfall cauéed "a massive well-synchronized mosquito hatch”
on September 9 (Harrington and Harrington 1961). Haeger (13960)
reported the emergence of this same brood between September
17-20. He stated concerning the adult mosquito exodus that "the
migrants started to depart in waves".

This marsh was impounded in March 1966. Thirty months

later it was again studied, this time to determine the effects



of impounding on marsh fishes. At the time of this second stu&y
(September and October, 1968), almost all vegetation had died from
artificial flooding of the marsh with water pumped from the
Indian River lagoon. During this study, there was no seasonal
connection of.the marsh with the estuary. The marsh was then
described as "an open expanse of water broken only by the
emergent trunks of dead mangroves". The authors also found a
decrease from 16 to 5 fish species p;esent. Tﬁese fish were
feeding primarily on vegetation (Harrington and Harrington
1982).

In 1978, the Indian River Mosquito Control District
(IRMCD) ceased pumping estuarine water into the impoundment at
the properfy owners’' request. In 1979 this area served as the
site for further marsh research comparing fish populations and
habitat in open versus closed salt marsh impoundments (Gilmore
et al. 1981). By then the impoundment had essentially
dewatered, receiving input solely from rainfall. Marsh water
levels fluctuated through evaporation and percolation. In this
1979-1980 study, when the marsh was still not connected to the
Indian River lagoon, Gilmore et.al. showed 12 fish speciés

present under stressed environmental conditions.

Present study (1982-1984)

The impounded marsh contains a 1-3 m wide perimeter
ditch which abuts 2.5 of the 4 impoundment sides. Many portions

of this ditch are filled with mud and organic debris. Part of



the northern and the entire eastern side are an undiked upland
hammock. A shallow cove, part of the Indian River lagoon, lies
southwest of the impoundment and contains extensive Halodule

spp. seagrass beds. Several large depressions occur over the
marsh surface, some of which retain water even during extremely

dry periods. Ruppia maritima L. (widgeongrass) is and has been

a common plant in these permanent and semi-permanent ponds
(Gilmore et al. 1981).
The marsh surface is primarily vegetated with Batis

maritima, Salicornia virginica L. and 8. bigelovii Torr.

Black, red and white mangroves were widely dispersed with the
greatest regrowth along the perimeter ditch. Figure 3
generally depicts the occurrence and location of major marsh
vegetation prior to this study in 1980 while Figuges 4 and 5
show this for January 1984. There were well defined drainage
patterns from the marsh interior to the perimeter ditch. Marsh
elevations (excluding all depressions) were determined from U.S.
Copast and Geodetic Survey benchmark ¥-306, and ranged from -0.35
to 1.80 feet NGVD. Most elevations were between 0.40 and 0.70
ft NGVD (Fig. 2).

The study commenced in February 1982 when an 18 inch
(45.7 cm) culvert (Culvert A) was opened to the adjacent cove,
allowing unobstructed flow of water between the Indian River
lagoon and the impoundment. This water management regime was
continued until July 1983 when a flapgate riser was attached to
the culVert. The flapgate riser top was set at 1.0 ft.. NGVD to

trap water from rainfall and incoming tides to this elevation



while still allowing water movement into the culvert. When
impoundment water levels exceeded 1.0 ft., spillage into the
estuary occurred. In September 1983, an additional 18 inch
culvert with flapgate riser was installed at the northwest
corner of the. impoundment (Culvert B) to allow incfeased tidal
flow into the marsh.  The riser height was set so that no water
could exit over it. On January 19, 1984, the flapgate riser was
removed on the original culvert (Culvert A) reestablishing free
water flow to the lagoon. Culvert B was sealed.

As part of the experimental design to not apply
larvicides into the study area during the first year, preadult
mosquiﬁoes produced between February 1982 and May 1983 were not
treated with insecticides but were allowed to emerge as adults.
During most of the second year of the study (i.e. from June
1983 to March 1984) broods were treated either from the ground
with diesel 0il or, when broad scale applications were
necessary, from the air with Altosid (methoprene) adsorbed to

sand (Rathburn et al. 1979).

Mosquito Sampling.

Because of ovipositional habits, the aggregation of
later instar larvae, and the contracting and expanding water
surface area of the preadult habitat, salt-marsh mosquitoes are
non-randomly distributed. Totally random sampling for
salt-marsh mosquitoces can greatly misrepresent cohort occurrence

and size. Therefore this study used stratified sampling



(Southwood 1978) similar fo Zimmerman and Turner 1982,

The stratified sampling design used established
twelve quadrats, which covered the entire marsh surface. Each
quadrat was sampled twice weekly for immature mosquitoes. The
quadrats..were designated North A,B,C, West A,B,C, South A,B,C,
and East A,B (Fig. 1). On each sampling visit, mosquitoes were
sought out in all quadrats. Through experience those vegetated
areas shown to produce mosquitoes were most thoroughly examined
‘yet no areas were neglected. Broods were randomly sampled by
taking 5-350 ml dips per quadrat, then the mean number per dip
in a quadrat over the cohort duration was determined.

Marsh inaccessability'caused by loose substrates or
dense vegetation usually makes traversing the entire marsh
surface impoésible. We were fortunate that this particular
impoundment can be freely walked therefore thoroughly sampled.
We feel when such marsh accessibility is possible that this
sampling methodology is a better representation of salt-marsh
mosquito presence as compared to alternate techniques such as
sanpling stations (e.g., Clements and Rogers 1964, Carlson
1983). However, most impoundments, especially when flooded,

severely limits sampling to stations, usually from the dike.

Marsh Flooding

Rain data was collected during each site visit by a tube
rain gauge located at the northeast marsh corner (Fig. 24).

Maximum and minimum marsh and estuary water elevations were



measured biweekly with a grease pole (Fig. 12, 13).

A series of maps showing the extent of marshvflooding at
sequential elevations was compiled during the second year of the
study. They were prepared by ground-truthing water coverage at
established elevations (Figs. 6-11).

On all visits, a range of mosquito.landing rates were
taken. A landing rate is the number of mosquitoes landing on a
person in é one minute period. Because of the extensive flight
range of sdlt-marsh mosquitoes (which has been shown to be as
great as 20 miles by Provost (1952)) this landing rate figure does
not mean that all mosquitoes biting here emerged from this area,
but it does help to give a better picture of overall mosquito

activity (in particular adult mosquito activity) in the marsh

(Fig. 23).



RESULTS

Impoundments on the east coast of Florida are intended

to control Aedes taeniorhynchus and Ae. sollicitans which are

produced\in high marshes by rainfall or high tides. Over the 2
year study, the vast m&jo;ity of mosquito broods were produced
by rainfall. However, 4 large tidal surges inundated the entire
marsh to the upland hammock producing mosquitoes on each
occasion. These tidal inundaﬁions occurred in September 1982
énd in June, August, and Septémber 1983. On each occasion
significant mosquito broods were produced in several marsh
locations (Figs. 14, 19, 22).

In this study, overall aliquots showed Ae.

taeniorhynchus to be most common. This coincides with

Harrington and Harrington (1961), who showed by fish gqut

analysis that Ae. taeniorhynchus comprised the vast majority of

mosquitoes consumed. However, in our study on occasion Ae.

sollicitans was the largest aliquot component. Although these

two salt-marsh mosquitces comprised the overwhelming majority of
mosquitoes encountered, several other species were infrequently

collected in small numbers. They were Anopheles atropos Dyar

and Knab, An. bradlevi King, An. walkeri Theobald, Culex

nigripalpus Theobald and Cx. salinarius Coduillett. The

freshwater mosquitoes Anopheles walkeri and the two Culex spp.

were encountered at a time when large amounts of rainfall

lowered salinities.

10
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March 8, 1982 -- January 1, 13983.

During this 10 month period, unobstructed water flowed
between the impounded marsh and the.Indian River lagoon through
the existing 18 inch (45.7 cm) culﬁert (Culvert A). Mosquito
broods triggéfed by both rainfall and tidal flooding occurred in
North A, B and C, East B and C( and West A and B. Broods varied
greatly in size as is shown on Figs. 14-22. Mosquito landing
rates during this period are shown to fluctuate greatly but with
periods of intensive adult activit&. In March, April, June,
July, and August landing rates exceeded 30 per minute and
reached as'high as. 75 per minute (Fig. 23). A landing rate of
merely 5 per minute is considered to be genuinely annoying.

In the North and East areas from March through August
1982 flooding was primarily rainfall induced, an expected
occurrence in southeast Florida high marshes at that time of the
year. These locations were distant from the perimeter ditch,
thus commoﬁly inundated by rainfall but irfegularly by tidal
fluctuations unless estuarine water elevations exceed 0.75 ft
NGVD (Figs. 9-11). Mosquitoes were produced here from rainfall
induced flooding as can be seen from Figures 17-22 . However,
West A and B are in close proximity to the perimeter ditch and
more frequently flooded by tides as well as rainfall. Flooding
to an elevation of 0.60 ft NGVD is sufficient to inundate large
portions of the West quadrats (Fig. B8). This was reflected
with as many as 1,444 preadult mosquitogs collected there in one
dip on May 6 by the first thorough tidal flooding of this area

after our study commenced. The landing rates of 75 per minute



experienced in the marsh in early June were probably produced by
this brood from the study site and nearby unmanaged impoundments
(Fig. 23). Much tidal flooding in the West quadrats occurred
during the spring due to lower elevations and close proximity to
the periﬁeter ditch.
Mosquitoes were never found in the 3 South quadrats
and rarely in East A and West C. South A and B directly abut
the perimeter ditch, thus were inundated frequently throughout
.this study period. The vast ﬁajbrity of South C and East A
extended into the adjacent upland hammock and was dry throughout
the study since elevations were as high as 1.80 ft NGVD (Fig.
2). |
| On September 10, the annual peak high tides began after
much of the marsh had been dry for the previous two months.
From this tidal surge the entire impoundment (except South C and
East A) remained flooded until early December. The initial
tidal‘surge produced large broods in numerous marsh locations
(Figs. 14,18,19,21,22). This resulted in landing rates ranging
from 5-20 for the entire month of September and continuing into
October (Fig. 23). For the three months following September
the impoundment functioned as a managed flooded impoundment,
effectively eliminating salt-marsh Aedes ovipositional sites.
On December 6, the high tides began to recede, temporarily
drying the marsh. By early January 1983 the impoundment
reflooded to about 80 percent water cover.
During the 3 month period of tidal flooding, water

levels fluctuated. WHWater level tracings on the high marsh and
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also in the Indian River lagoon show that a standing water head
developed within thelmarsh. Daily waper level fluctuations
outside the impoundmént were greater than those within it (R.
G. Gilmore, personal communication). Water level fluctuations
within the iﬁboundment probably hatched some Aedes eggs on the

North and East banks. However( this was not reflected in our

sampling.

January 1 -- July 12, 1983.

From January through March 1983, the study site received
heavy rainfall (22 inches) which reflooded the marsh to fall
1982 levels but which did not prodﬁce mosquitoes. Apparently
the marsh surface had not become ovipositionally attractive
duriﬁg the dry down period or eggs had not completed development
before inundation.

Spring is normally a dry season in central Florida. A
comparison‘of rainfall and mosquitoes in April-May 1982
(rainfall=9.2 in.) with April-May 1983 (rainfall=4.7 in.)
shows much greater rainfall and consequently greater mosquito
production in more marsh locations in 1982. During this 1983
period a cdmbination of tides and rainfall resulted in 3 large

but localized broods which were chemically treated.

July 13, 19883 -- March 8, 1984.

On July 13, the installation of a flapgate riser in
Culvert A altered water management on the marsh by trapping’

rainfall and high tides. Set at an elevation of 1.0 ft. NGVD,
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this structure kept locations shown to produce mosquitoes
flooded without excessive water Qenetrating ;nto upland areas.
In July 1983 as in 1982, little rainfall (1982=1.9 in., 1983=1.0
in.) or tidal flooding resulted in no mosquitoes.

ﬁainfall in August of 1982 (4.3 in.) and 1983 (5.1 in.)
was similar but in 1983 with the flapgate riser in place more of
the marsh remained flooded trapping rainfall. In addition a
tidal surge produced a mosquito brocod in East C during this
.month. No mosquitoes occurred in the West sections during this
period in 1983 as opposed to 1982, when several large broods
were éroduced there from the drying and reflooding of the Hest
sections (Fig. 14,15,16).

September, October and November of 1982 and 1983 were
similar both in water coverage (nearly 100%) and that mosquitoes
were produced only on the tidal surge. In early September 1982,
high fall tides penetrated the marsh through Culvert A followed
by the marsh remaining flooded until early December 1983.

In 1983 the installation of an additional 18 in.
culvert (Culvert B) with flapgate riser on Sept. 28 enhanced
tidal access into the marsh. During both years tides kept the
marsh flooded dufing October and November. However, while in
1982 water levels began to recede in early December, in 1983
high water retained by the flapgate risers kept the marsh
flooded through January 18, 1984 when the flapgates were removed
to allow free water exchange. No real differences in mosquito
production were apparent between these years as constant

inundation at elevations from 1.0 to 1.7 ft NGVD effectively
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eliminated 6vipositiona1 sites. The marsh quickly dewatered to
approx. 50 percent flooding after opening the culverts. On
Jan. 31 Culvert B was closed from the estuary. From Jan. 19
to March 8, 1984, water elevations on the marsh were between
<0.3 and O.S\ft NGVD. Marsh water elevations lower than 0.4 ft
NGVD usually dried the marsh flats. However, even with marsh
water elevations less than 0.4 ft..rainfall can cause isolated
pockets of water from the perimeter ditch which are not

reflected by the water level recorders.

DISCUSSION

Although it is well documented that high salt marshes in

Florida produce salt-marsh mosquitoes (Nielsen and Nielsen 1953,
Hae%er 1960, Harrington and Harrington 1961, Clements and Rogers
196&), mosquito control districts in Florida are regularly in
the position of defending their control operations in those

areas to environmental permitting agencies. The gquestion

presently asked by these organizations is: Does the particular
marsh you are proposing to manage cause a mosquito problem and
what documentation is available to prove it?

This study corroborates previously mentioned studies
showing that high salt marshes in Florida often produce
extremely high densities of both Ae. taeniorhynchus and Ae.

/

sollicitans from rainfall or tidal flooding. From a mosquito

control standpoint this information further validates the
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decision to impound these high salt marshes. Local mosquito
control agencies in association with the Florida Department of
Health made impounding decisions on a marsh by marsh basis.
When the marsh was shown to produce mosquitoes, the entire high
marsh wa;.diked and subsequently flooded. The data presented
also shows that merely trapping rain and tidal intrusion on thé
" marsh surface with flapgate risers can be a beneficial tool in
diminishing buf not eliminating Aedes ovipositional sites.
| This study reaffirms Ciements and Rogers (1964),
that in a non-artifically flooded impodndment high tides and
rainfall are not adequate to flood an impoundment during the
entire mosquito producing period. During some time of the year
artificial flooding is necessary.

Our work shows no simple correlation between marsh
elevations and the location of preadult mosquitoes. Preadult

mosquitoes were generally found where Batis maritima and

Salicornia virginica were in dense accumulations. However, not

all Batis and Salicornia locations at similar elevations

produced mosquitoes. These plants are presently very common on
the marsh surface. Continued monitoring is necessary to
determine if changes in the vegetation profile will correlate
with changes in preadult mosquito location. The second year of
this study showed fewer mosquito sites but this was not a
surprise. The retention of trapped water over a larger portion
of the marsh eliminated ovipositional sites.

Of the larvivorous resident marsh fish, Cyprinodon

variegatus Lacépede (sheepshead minnow), Fundulus confluentus
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Goode and Bean (marsh killifish) and Gambusia affinis Baird and

Girard (mosquitofish) were those most commonly trapped during

this study. Fundulus grandis Baird and Girard (qulf killifish)

and Dormitator maculatus (Poey) (fat sleeper) were also

collected b&f infrequently (G. Gilmore, personal
communication). These fish frequently were unable to control
large synchronous mosquito broods allowing intolerable numbers
of biting adults to emerge.

| Todd and Giglioli (1883) in Grand Cayman, W.I. also
showed that larvivorous marsh fish were not capable of
adequately controlling large hatches of salt-marsh mosquitoes.
They attributed this phenomenon to the immediate hatching of
.large.numbers of mosquito eggs, dilution of predatory fish and
delayed increase of fish numbers. All of these factors apparent
in Grand Cayman marshes were probably occurring in South Florida
as well. 1In addition, dense Batis and Salicornia beds where
larvae wefe usually found were an impediment to fish movement
here as well. The authors have also observed this inability of fish
to control mosquito larvae in inland watewater retention areas
CAAT.

We feel that larvivorous marsh fish may play a
beneficial role in reducing mosquitoes during periods of high
tidal flooding when mosquitoes hatch along upland marsh
locations from slight water level fluctuations. Migrating fish
can feed on these widely dispersed larvae. However, our
observations indicate that large synchronous mosquito broods

produced by tidal flooding were not noticeably reduced by fish



predation and during complete tidal flooding fish do have easy
access to larval areas. As can bg seen from Figs. 10 and 11
flooding elevations of 0.90 ft. or greater flood all mosquito
producing areas. Figure 12, which shows the extent of flooding
during thé study, clearly shows that these elevations were
reached on many occasions yet flooding .induced mosquito broods
were documented on at least 4 occasions. 1In a marsh, rainfall
induced mosquito hatching will oftentimes result in pockets of
immature mosquitoes isolated ffom fish. O0Of course then, fish
are unable to play a predatory role. In such cases, ditching
may allow fish migration to larval locations.

This study mimicked flooding levels as suggested by
Provost 1974 on a mangrove island in Brevard County, Florida.
That is, flooding levels were established to eliminate
mosquito oviposition sites while not inundating black mangrove
pneumatophores or other high marsh vegetation. Our flooding
elevation of 1.0 ft. NGVD adequately met these criteria in
our study site.

Seasonal artificial flooding by pumping of estuarine
water when augmented by passive water retention can produce
excellent mosquito control results while still allowing
effective connection of the marsh to the estuary through the
proper placement of culverts with flapgate risers and careful
management of water levels. Necessary‘flooding elevations will

vary between impoundments, depending on the elevations of known

mosquito producing sites.

18
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